Abstract: Medium Carbon steel is widely used for applications which require better properties than mild steel but does not justify the costs of an alloy steel. This project is to analyse the hardenability of medium carbon steel quenched in the PCM material along with water, through micro-hardness and micro-structure test and to compare the hardenability of the medium c-steel quenched in water. Here the specimen is heated in the furnace at the critical temperature and quenched in different conditions. Thereby microstructure is analysed using an optical microscope and micro-hardness is measured using Vickers micro-hardness test apparatus. In this process, microstructural changes and micro-hardness is observed from the centre towards the edge of the specimen.
softness and improves the mechanical properties such as ductility. This process also helps to improve machining effect and make them versatile. Heat treatment is also used to increase the strength of materials and to relieve stresses induced in the material after manufacturing, forging and welding. Hardened/quenched specimen has the highest tensile strength and hardness with lowest ductility and impact strength when compared to other heat treated specimen. Hardening/quenching is strongly recommended when the strength and hardness are the prime desired properties in design. Quenching in water resulted in higher tensile strength and hardness possibly due to the formation of martensite structure which is one of the strengthening phases of steel.
EN8 steel which is used in fabrication industries for massive production. Hence there is need to carry out this work for the further enhancement of desired mechanical properties in the material which in turn increases the durability and performance of components made by this material. Present work deals with the influence of PCM on hardening property of EN8 steel with the objective of improving its hardenability.
B. Heat treatment
Heat treatment is a process that involves a combination of time-controlled heating and cooling operations of metal without changing the product shape that will produce desired mechanical properties and to observe the microstructure after heat treatment. Heat treatment is used to improve the mechanical properties of the metal alloys. Basically, the product performance will improve when the strength of material increased. It can be divided into three main processes namely annealing, quenching and tempering. In general, the procedure of heat treatment process consists of three stages. First stage is heating the material. Second, hold the temperature for a period of time and third, cool down the metal to room temperature. The treatment of medium carbon steel with heat can significantly change the mechanical properties, such as ductility, hardness and strength. Heat treatment of steel slightly affects other properties such as its ability to conduct heat and electricity as well. A variety of methods exist for treating steel with heat. The carbon and manganese content in medium carbon steel make quenching and tempering the most common method of heat treatment for this type of steel. This process generally involves repeatedly heating the steel to less than 1,333°F (about 723°C) and cooling it rapidly by quenching it in a liquid such as oil or water. The temperature and time of this process allow the manufacturer to precisely control the final properties of the steel.
C. Phase Change Material (PCM)
Phase change material is a substance with a high heat of fusion which, melting and solidifying at a certain temperature, is capable of storing and releasing large amounts of energy. Heat is absorbed or released when the material changes from solid to liquid and vice versa; thus, PCMs are classified as latent heat storage (LHS) units. Initially, solid-liquid PCMs behave like sensible heat storage (SHS) materials; their temperature rises as they absorb heat. Unlike conventional SHS materials, however, when PCMs reach the temperature at which they change phase (their melting temperature) they absorb large amounts of heat at an almost constant temperature. The PCM continues to absorb heat without a significant rise in temperature until all the material is transformed to the liquid phase. When the ambient temperature around a liquid material falls, the PCM solidifies, releasing its stored latent heat. A large number of PCMs are available in any required temperature range from −5 up to 190°C. Within the human comfort range between 20-30°C, some PCMs are very effective. They store 5 to 14 times more heat per unit volume than conventional storage materials such as water, masonry or rock.
ΙΙ. SELECTION OF MATERIALS A. EN 8
EN8 carbon steel is a common medium carbon and medium tensile steel, with improved strength over mild steel, through-hardening medium carbon steel. EN8 carbon steel is also readily machinable in any condition.EN8 steels are generally used in the as supplied untreated condition. But EN8 steels can be further surface-hardened by induction processes, producing components with enhanced wear resistance. Steel EN8 materials in its heat treated forms possess good homogenous metallurgical structures, giving consistent machining properties. It is chosen because of its wide general engineering applications. Typical applications include shafts, studs, bolts, connecting rods, screws, rollers. 
C. Copper tube
Copper tubing is most often used for the supply of hot and cold tap water, and as a refrigerant line in HVAC systems. Copper offers a high level of corrosion resistance but is becoming very costly. Because of its high heat transfer capacity copper tube is used to encapsulate the PCM.
ΙΙΙ. EXPERIMENTAL WORK A. Components used
Copper tube, Stirrer, Aluminium vessel, Glass wool, Thermometer, Muffle furnace are used as the components for the experimental setup. The Muffle furnace used for the experiment is equipped with 6 thermocouples on 4 sides for temperature measurement. It is based on American Petroleum Instruction and capacity is 600*600*600mm. Maximum temperature it can reach is 1200ºc. 
B. Experimental setup
Now the aluminium tank is filled with 6 litres of water then the stirrer and a copper tube filled with PCM are dipped in water at the time of requirement. Then glass wool is tied around the aluminium vessel in order prevent the loss of heat through heat transfer to the surrounding. Stirrer is operated around 500rpm. Thermometer and stopwatch are used to note the temperature of water at regular intervals at the time of quenching of hot specimen in water. 
C. Experimentation
First, the EN 8 rod is cut into pieces at a dimension of 50*50mm and placed in a furnace for heat treatment. The rate of heating is set as 266.6ºc/hr for 3hours in order to reach the temperature of 800ºc above the critical temperature. Then the specimen is soaked for 30minutes in the furnace itself in order to obtain uniform temperature around the material. Then the specimen is quenched in 3 different conditions in order to improve the hardness. The three different conditions are  Normal quenching in water  Normal water quench with a stirrer  Normal water quench with stirrer and PCM enclosed in a copper tube The noted temperature at a specific time for various quenching conditions are tabulated below 
S.NO CONDITIONS TIME(mins) TEMPERATURE(ºc)

A. Vickers Microhardness test
The Vickers hardness test method also referred to as a microhardness test method is mostly used for small parts, thin sections, or case depth work. The Vickers method is based on an optical measurement system. The Microhardness test procedure, ASTM E-384, specifies a range of light loads using a diamond indenter to make an indentation which is measured and converted to a hardness value. It is very useful for testing on a wide type of materials, but test samples must be highly polished to enable measuring the size of the impressions. A square base pyramid shaped diamond is used for testing in the Vickers scale. Typically loads are very light, ranging from 10gm to 1kgf, although "Macro" Vickers loads can range up to 30 kg or more. Here we applied a load of 300gm for indentation of all the 3 specimens. To know the hardness of heat treated specimen's hardness is taken in 3 points on the specimen they are named as Point A, B and C. The above Vickers hardness test result shows that the hardness of specimen at middle region is low compared to core and periphery hardness is higher than other two points, this variation is uniformly seen in all 3 quench conditions. So, the hardness value reduces from core at middle and again increases at periphery. Hence there is a uniform hardness improvement in all the specimen. From the table, the hardness value of normal water quench specimen is low with stirrer utilised quench specimen and hardness value of PCM quenched specimen is higher than stirrer utilised specimen. By comparing the individual specimen hardness, PCM enclosed copper tube quench specimen's hardness is high compared to other two: stirrer quench and normal water quench specimen.
B. Optical microscope test
The optical microscope, often referred to as the light microscope, is a type of microscope that uses visible light and a system of lenses to magnify images of small subjects. Optical microscopes are the oldest design of microscope and were possibly invented in their present compound form in the 17th century. Basic optical microscopes can be very simple, although many complex designs aim to improve resolution and sample contrast. Here the microstructure of specimens are captured at 500X at 3 points like Vickers test and image scale is 50µm. The above images obtained from optical microscope shows the white martensite structure increases from core to middle and middle to periphery. And like this the black pearlite structures goes on decreasing from core to middle and middle to periphery. This variation is seen in all specimen. From these images, it can be inferred that the structural variation is uniformly distributed.
Ⅴ. CONCLUSION By conducting microhardness and microstructure test in still water, stirrer in water, PCM and stirrer in water quenched samples we obtained following outcomes:
Microstructure study clearly reveals that the hardness varies over the region due to the presence of pearlite and martensite, the martensite structure is seen as bright and pearlite is observed as the dark region.
Microstructure study also reveals that the presence of martensite over the region can be seen to increase in case of the PCM quenched specimen compared to the other two samples.
Microhardness reading of all three quenched samples showed the variation of structure from core to periphery which is proved by the variation of hardness value over the samples.
Microhardness is improving in all three quench conditions but PCM quenched specimen hardness showed more uniform distribution over its region compared to other specimens, its hardness value is also comparatively high.
So PCM quenched EN8 sample shows high hardenability distribution over its region compared to other EN8 test samples. 
